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Models involving an interaction between the Dark Matter and the Dark Energy sectors have been
proposed to alleviate the long standing Hubble constant tension. In this paper we analyze whether
the constraints and potential hints obtained for these interacting models remain unchanged when
using simulated Planck data. Interestingly, our simulations indicate that a dangerous fake detection
for a non-zero interaction among the Dark Matter and the Dark Energy fluids could arise when
dealing with current CMB Planck measurements alone. The very same hypothesis is tested against
future CMB observations, finding that only cosmic variance limited polarization experiments, such
as PICO or PRISM, could be able to break the existing parameter degeneracies and provide reliable
cosmological constraints. This paper underlines the extreme importance of confronting the results
arising from data analyses with those obtained with simulations when extracting cosmological limits
within exotic cosmological scenarios.
I. INTRODUCTION
Despite the wonderful agreement of present cosmologi-
cal measurements with the canonical ΛCDM model, some
tensions between different observations have started to
question the validity of the standard cosmological model.
In particular, a significant role is the one played by the
long standing Hubble constant tension at 4.4σ between
the estimate from 2018 Planck released data [1] and the
value measured by R19, i.e. the SH0ES collaboration [2]
(see [3] for a recent overview). These two recent mea-
surements are supported by other early and late time
cosmological probes, respectively, making more difficult
the possibility of isolating systematic effects in the exper-
iments that could bias the data in the same direction. For
this reason, a gigantic effort has been made by the com-
munity to build models beyond the standard ΛCDM that
could explain and alleviate the H0 disagreement with a
modification of the cosmological scenario.
Plenty of work has been devoted to early modifica-
tions of the expansion history, such adding either an
Early Dark Energy component [4–15] or extra relativis-
tic species at recombination [16–31]. Interestingly, these
solutions are promising for both solving the H0 tension
and lowering the sound horizon at the drag epoch [32, 33],
despite the fact that they do not provide a value for the
Hubble constant large enough to be in agreement with
R19 [34]. On the other hand, late time modifications
of the expansion history, such as the phantom Dark En-
ergy [1, 35–41] or the Phenomenologically Emergent Dark
Energy [42–47] scenarios, perform better in the H0 reso-
lution but leave the sound horizon unaltered.
Within this context, a large number of the models pro-
posed involves the encouraging possibility of an interac-
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tion between Dark Matter and Dark Energy (IDE mod-
els [48–67]). This solution naturally releases the Hubble
constant tension, because it plays with the geometrical
degeneracy existing between the parameter governing the
interacting rate and the dark matter mass energy den-
sity, which is modified by the flux of energy exchanged
between the dark matter and the dark energy fluids.
In this paper we scrutinize if the current constraints
obtained for these IDE models are reliable simulating the
Planck data, and if future CMB experiments can improve
the soundness of present IDE bounds. We present in
Sec. II the approach used in this paper to simulate and
analyse the mock datasets. Section III contains our main
results. We conclude in Sec. IV.
II. METHODOLOGY
For simulating current and future CMB measurements,
we shall follow the approach used in several white pa-
pers and commonly exploited in the literature, see e.g.
Refs. [68–75]. The fiducial cosmology is a vanilla flat
ΛCDM model compatible with Planck TT,TE,EE +
lowE measurements, and therefore with a null coupling
between Dark Matter and Dark Energy.
We compute the theoretical CMB angular power spec-
tra CTT` , C
TE
` , C
EE
` , C
BB
` for temperature, cross
temperature-polarization and E and B modes polar-
ization using the publicly available Boltzmann code
camb [76]. The assumed instrumental noise reads as
N` = w
−1 exp(`(`+ 1)θ2/8 ln 2) , (1)
where w−1 is experimental sensitivity expressed in (µK-
rad)2 and θ is the experimental FWHM angular resolu-
tion of the beam. The total variance of the multipoles
a`m will be given by the sum of the fiducial C`’s plus
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2Configuration Channel Beam ∆P `max `min fsky
GHz arcmin µK-arcmin
PICO 75 10.7 4.2 4000 2 0.75
90 9.5 2.8
108 7.9 2.3
129 7.4 2.1
155 6.2 1.8
186 4.3 4.0
223 3.6 4.5
PRISM 52 7.35 6.08 6000 2 0.75
62 5.12 5.86
75 4.27 4.56
90 3.80 3.04
108 3.16 2.39
129 2.96 2.39
155 2.48 1.95
186 1.72 4.34
223 1.44 4.99
268 1.28 3.26
321 1.04 4.56
385 1.00 4.99
TABLE I. Experimental specifications.
the instrumental noise N`. The simulated Planck data
also has a contribution from experimental noise similar
to that presented in the 2018 Planck legacy release anal-
yses [77].
Concerning future CMB observations, we shall con-
sider two future CMB experiments, PICO [69] and
PRISM [70], and we shall generate the noise spectra with
the noise properties shown in Tab. I. We also simulate
BAO data with the same sensitivity as that used in the
Planck parameters paper [1].
We perform Monte Carlo Markov chain (MCMC) anal-
yses to current and future mock data (which are gener-
ated assuming the minimal ΛCDM scenario) assuming
a non-zero coupling ξ between the dark matter and the
dark energy fluids. In particular, we consider a class of
models where the Dark Matter and Dark Energy conti-
nuity equations are coupled as follows:
ρ˙c + 3Hρc = Q , (2)
ρ˙x + 3H(1 + w)ρx = −Q , (3)
where the dot corresponds to the derivative with respect
to conformal time τ , H is the conformal expansion rate
of the universe, ρc and ρx are the dark matter and dark
energy mass energy densities respectively, the dark en-
ergy equation of state w is assumed to be constant, and
the coupling function Q governing the interaction rate
between the two dark components is given by:
Q = ξHρx , (4)
In order to derive the cosmological constraints, we shall
compare the theoretical spectra with the mock datasets,
considering a Gaussian likelihood L given by
− 2 lnL =
∑
`
(2`+ 1)fsky
(
D
|C¯| + ln
|C¯|
|Cˆ| − 3
)
, (5)
where C¯ and Cˆ are the assumed fiducial and theoretical
plus noise power spectra, D is:
D = CˆTT` C¯
EE
` C¯
BB
` + C¯
TT
` Cˆ
EE
` C¯
BB
` + C¯
TT
` C¯
EE
` Cˆ
BB
`
−C¯TE`
(
C¯TE` Cˆ
BB
` + 2Cˆ
TE
` C¯
BB
`
)
.
(6)
and fsky is the sky fraction measured by the experiment
(see Refs. [68–71] for more details).
For our numerical analysis, we make use of both
the original version and a modified version with the
IDE scenario of the publicly available MCMC code
CosmoMC [78] package (see http://cosmologist.info/
cosmomc/), implementing an efficient sampling of the
posterior distribution using the fast/slow parameter
decorrelations [79], and with a convergence diagnostic
based on the Gelman-Rubin statistics [80].
III. RESULTS
Table II presents the constraints at 68% CL on the
seven varying cosmological parameters of the IDE model.
3Table III illustrates the constraints on the fiducial param-
eters after fitting the mock data generated with a dark
energy equation of state w = −0.999 to the ΛCDM case
(i.e. w = −1, corresponding to the fiducial model) and
therefore always neglecting the presence of a possible in-
teraction rate ξ among the dark sectors. Therefore, the
results depicted in Tab. III allow us to quantify the er-
ror introduced when considering w slightly different from
−1, i.e. the value assumed in the fiducial cosmology, and
serve us as a direct test of the reliability of our method.
Notice that we can recover with an exquisite precision the
fiducial values of the cosmological parameters chosen to
create the mock datasets with all the current and future
cosmological observations considered in this work. These
results ensure the robustness of our approach and war-
rant the strength of the derived conclusions, excluding
the presence of spurious biases.
Correlations between the cosmological parameters play
a crucial role when exploring exotic scenarios. Indeed, it
is well known that the geometric degeneracy present for
the IDE models in the CMB damping tail between the
matter mass-energy density and the Hubble constant it is
a straightforward solution to ease the H0 tension. CMB
observations constrain the quantity Ωmh
2 using the po-
sition of the acoustic peaks, and therefore a larger value
of H0 can be easily obtained by means of a lower value
of Ωm, which is precisely what happens within the IDE
models considered here (see Eq. (4)) when the coupling
satisfies the condition ξ < 0, due to the fact that the
energy flows from the dark matter sector to the dark
energy one. Therefore, parameter degeneracies may po-
tentially lead to fake indications for exotic physics. If we
assume that nature has chosen the minimal ΛCDM sce-
nario, but the observational data analysis is performed
assuming an IDE Model, i.e. we consider the coupling ξ
free to vary when we analyse the mock datasets, we find
that a Planck-like experiment (i.e. cosmic variance lim-
ited in temperature but not in polarization) is not power-
ful enough to recover the fiducial cosmological model in
this case. Note from the results shown in Tab. II, that due
to the strong correlation present between the standard
and the exotic physics parameters, an evidence at more
than 3σ for a coupling between dark matter and dark en-
ergy different from zero is found, i.e. −0.85 < ξ < −0.02
at 99% CL. This strong significance for the presence of a
coupling leads to a corresponding reduction in the current
cold dark matter mass energy density estimate and an in-
crease of θ, the angular size of the horizon at decoupling.
Therefore, the fake detection, at more than 99% CL, for
a dark matter-dark energy exchange rate, see the black
curve in Fig. 1, is completely due to the cosmological pa-
rameter degeneracies. This outcome strongly underlines
the importance of confronting the results arising from the
data analyses with those obtained with simulations. The
inclusion of BAO data, a mock dataset built using the
same fiducial cosmological model than that of the CMB,
helps in breaking the degeneracy, providing a lower limit
for the coupling ξ in perfect agreement with zero, see the
fourth column of Tab. II and the red curve in Fig. 1.
Future observations from PICO or PRISM, cosmic
variance-limited polarization CMB experiments, will be
able to break the correlations between the parameters
without the addition of any external datasets. These fu-
ture observations will be able to recover (alone) the true,
nature fiducial cosmology within one standard deviation,
see Tab. II and the green and blue curves in Fig. 1.
IV. CONCLUSIONS
Side by side to the early expansion history modifica-
tions, that are not efficient in resolving completely the
H0 tension, and the late-time solutions, that solving the
Hubble constant problem, can not reconcile instead the
BAO data, there are the interacting Dark Matter-Dark
Energy models. We have studied in this paper whether
the constraints obtained for these interacting models de-
rived from current observations are fully supported by
simulated Planck data. Intriguingly, we have found here
that due to the correlation between the parameters, there
exists a dangerous fake detection for a non-zero Dark
Matter-Dark Energy coupling at many standard devi-
ations when dealing with CMB observations from the
Planck satellite. As a second step, we have tested the
same hypothesis exploiting simulations for future cosmic
variance-limited polarization CMB experiments, such as
PICO or PRISM. We have found that these experiments
could be able to break the existing parameter correla-
tions, providing reliable constraints on the cosmological
parameters. The main end of our study is therefore to
emphasize the utmost importance of confronting the re-
sults arising from data analyses to those obtained with
simulations before deriving any final conclusions concern-
ing the scrutinized cosmological model.
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